Automated Determinationof Serum Hexosaminidase A by pH Inactivationfor Detection of Tay-Sachs Disease Heterozygotes Abraham Safter and Guta Perle
We have automated a manual test for detection of heterozygotes of Tay-Sachs disease by assay of hexosaminidase A in serum, based on pH inactivation [C/in. Chim. Acta 43, 417 (1973) ]. The same manifold is used both for the total hexosaminidase and pH-inactivation (hexosaminidase B) procedures. Automation expedites mass screening of the Ashkenazi Jewish population for carriers of the TaySachs gene (prevalence rate, 1:30), because 100 or more tests can be performed daily. The mean percentage value and range (±2 SD) of hexosaminidase A for normal adults is 68.6 (58-79) and for carriers is 48.8 (39-59) with the automated pH-inactivation procedure.
"Presumed carriers" (<53% hexosaminidase A) and individuals in the uncertain range (53 to 58%) should be retested by using leukocytes, to avoid the effect of certain physical ailments, before being labeled as carriers. The same automated system used for this assay can also be used to detect carriers of at least seven other sphingolipidoses for which artificial fuorogenic substrates are available. with Figure 1 , except that instead of the pH 4.5 and pH 2.8 buffer solutions, the buffer mixture (Reagent B1) is pumped through both lines, and the 37 #{176}C bath for the H-B coil is disconnected.
With all reagents pumping, set the fluorometer standard calibration control to 4.00 and adjust the reading on the recorder chart to 10 chart units with the baseline control knob. A 200 nmol/ml standard is aspirated continuously for 10 mm and the steadystate value is adjusted to 90 chart units on the recorder chart with the standard calibration control. The reference aperture is set at 2 and the sample apertureati.
A Figure 2 illustrates a set of curves obtained with the automated total hexosaminidase method. Readings obtained for the fluorescent standards are plotted on graph paper, and the values for the unknown sera are calculated from the standard curve in terms of 4-methylumbelliferone (in nanomoles per milliter) released.
pH-inactivation
procedure for hexosaminidase B. The flow diagram of the manifold and the reagents used for the pH-inactivation method for Hex B is the same as that shown in Figure 1 . Before beginning the run, the 37 #{176}C bath for the 11-B-coil is reconnected.
No washing step is required before changing from the total hexosaminidase procedure to the pH-inactivation method. The reagent baseline is established at 10 chart units and the steady-state value at 90 chart units for the 100 nmol/ml standard exactly as described above for the total hexosaminidase method. Aperture settings are the same. Standards, control, and unknown sera are also run in the same manner as described above, except that the range of the standards is now from 100 to 25 nmol/ ml. A set of curves for the pH-inactivation method is illustrated in Figure 3 . The values of unknown sera are calculated from a plot of the standard curve in terms of 4-methylumbelliferone (in nmol/ml) released.
After the pH run is completed, the entire system should be washed with NaOH (1 mol/liter) for 5 mm, with methylaminopropanol buffer (0.1 mol/ liter, pH 10.4; Sigma Chemical Co., St. Louis, Mo. 63178) for 10 mm, and with distilled water for 20 mm before performing any subsequent runs.
Calculations

Results
Although the manifold illustrated in Figure 1 was designed for the pH-inactivation method, the same manifold is used for the total hexosaminidase procedure and, as mentioned, necessitates only the substitution of the mixed buffer solution for the pH 4.5 and pH 2.80 buffers. We have found it to be more expedient to first assay a series of unknown sera for total hexosaminidase and then to proceed to the pH-inactivation method, with the samples kept in the same sequence, since no washing step is then needed for the changeover. Although a single technician can assay 100 samples in a 7-h working day at a sampling rate of 60 samples per hour, the work output could readily be doubled by purchase of additional automated equipment, so that both the total hexosaminidase and Hex B curves (Figures 2 and 3 ) are recorded simultaneously with a two-pen recorder. The reproducibility of the standard curves for both methods is illustrated in Figures 2 and 3 and by the data for 10 consecutive standard runs ( Figure 4) . As is evident from the curves in Figures 2 and 3 , there is a 7% carryover for both the total hexosaminidase and pH-inactivation methods when the highest standard is followed by the lowest one. While such errors can be best eliminated by re-running the samples following those with elevated hexosaminidase values, keeping the unknown sera in the same sequence for both procedures will also serve to reduce the carryover error to negligible proportions.
For example, when the normal control serum was run between two sera with supranormal total hexosaminidase activity-e.g., pregnancy and carrier-sera a slight carryover occurred in both the total hexosaminidase and pH-inactivation runs, but the Hex A value, because it is calculated as a percentage of the total, remains relatively constant, being 60, 59, and 59% for the normal control.
The coefficient of variation for the automated pH-inactivation procedure is 7.6%, as compared to 7.9% for the manual heat-denaturation method. Although such a small difference has little significance, it should be noted that each heat denaturation value is an average of triplicate determinations, whereas the coefficient' of variation for the pH-inactivation method was calculated from data for single samples. The manual pH-inactivation procedure (12) has a coefficient of variation of 6.7% for determinations in duplicate.
Normal Values
Sera from 170 normal adults were obtained from a population of apparently healthy individuals of both sexes, 17 to 60 years old. Hex A was assayed in these samples by both the manual heat-denaturation method and the automated pH-inactivation method. The results obtained are presented in Table 1 together with data for sera from 27 known carriers and nine Tay-Sachs children. The normal ranges for Hex A (in percent)
as determined by these methods (Table 1) 
Discussion
Although there is practically no statistical overlap between the normal and carrier ranges with the automated pH-inactivation procedure, results between 53 and 58% Hex A are inconclusive ( Figure 5 ) and require careful re-investigation before a person is labeled a carrier. Such sera are re-assayed by both the pH-inactivation and heat-denaturation methods. If there is an absence of total hexosaminidase activity. In addition, there are artificial substrates commercially available for at least seven other sphingolipidoses for which the enzyme defects are known, and for which the enzyme activity results in the release of 4-methylumbelliferone (17, 20) . Carriers of these genetic disorders could also be detected with the automated system described here, except for appropriate
